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abdominal aortic aneurysms are usually contraindicated for
this procedure because of difficulties associated with proxi-
mal graft fixation. In these cases, we attempted to use triple-
branched stent grafts in two patients with pararenal
abdominal aneurysms. The triple-branched stent graft, with
sidearms extending into both the renal arteries and the
superior mesenteric artery, was successfully implanted in
both patients. Our experience suggests that this approach
could possibly expand the indication for endovascular repair
of abdominal aortic aneurysms.
MATERIALS AND METHODS
The Inoue stent graft and its delivery system have been
described in detail.7-10 Two kinds of stent grafts, triple-
branched and bifurcated, were used in conjunction to fit
the perivisceral segment and the bifurcated segment of the
aneurysm, respectively. These stent grafts were custom
made for each patient according to the findings of preop-
erative imaging. The graft material was a polyester fabric
cylinder, which was supported on the outside by multiple
rings of extra-flexible nickel titanium wire (Fig 1). The
basic delivery system comprised a detachable carrying wire,
a detachable traction wire, and an introducer sheath. The
carrying wire was constructed from a nickel titanium tube,
and a spring coil was attached to its tip to prevent injury to
the aortic wall. The traction wire was constructed in a fash-
ion similar to that of the carrying wire.
Endovascular repair was performed after obtaining the
informed consent of both patients in accordance with the
protocols approved by the institutional review board of
each hospital. The procedure was completed in stages. The
Conventional repair of pararenal aortic aneurysms has
been a technically challenging operation, with a significant
morbidity rate of 28% to 35%.1-4 The repair of these com-
plex aneurysms requires difficult exposure, suprarenal
cross-clamping, and when necessary, revascularization of
visceral vessels. The technical complexity increases the
operative risks, particularly those of postoperative renal
insufficiency. Currently, transluminally placed endovascu-
lar stent grafts have been used as an attractive alternative
for the repair of infrarenal abdominal aortic aneurysms. If
this minimally invasive method is applicable for pararenal
aortic aneurysms, it may reduce the operative risks and
perioperative morbidity.
Since the first clinical introduction of endovascular stent
grafts for the repair of abdominal aortic aneurysms by
Parodi et al5 in 1991, their safety and efficacy in well-
selected patients with infrarenal aneurysm have been con-
firmed by means of a number of subsequent reports.6
Endovascular stent grafting requires satisfactory landing
zones for stent graft anchoring. Therefore, pararenal
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This case report describes a new technique for repairing pararenal aortic aneurysms with a transluminally placed triple-
branched stent graft with sidearms extending into the superior mesenteric artery and renal arteries. Endovascular repair with
the branched stent graft was attempted in two patients with a pararenal aortic aneurysm. Stent grafting was technically suc-
cessful in both patients. Although postoperative transient renal function impairment and paralytic ileus occurred in patient
2, these complications were gradually resolved in the perioperative period. A substantial shrinkage of the aneurysm was
revealed by means of computed tomographic measurements in patient 1. In both patients, complete exclusion of the
aneurysm and patency of the bilateral renal arteries and the superior mesenteric artery were confirmed by means of follow-
up computed tomographic images at 2 years. This minimally invasive approach for pararenal aortic aneurysms appears to be
a viable therapeutic option for patients who are at high risk for open surgery. (J Vasc Surg 2001;33:1087-92.)
Inoue branched stent graft was implanted first for the peri-
visceral segments of the aneurysm. As a preliminary ex vivo
arrangement, the carrying wire and the traction wire were
attached to the proximal and distal ends of the aortic graft
section, respectively. A 4F nylon catheter was passed
through the aortic graft section and then turned back into
each sidearm, making a large loop.8 This looping device
helped to steer the guidewires into the visceral arteries with
ease. The aortic graft section and sidearms were individually
constricted by loops of thread, which were fixed by using
flexible wires so that each graft section would not sponta-
neously expand after its release from the sheath. Each of the
flexible wires used to constrict three sidearms was then
attached to the 4F nylon catheter by passing the flexible
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Fig 1. Inoue stent graft and its basic delivery system. With aid of
carrying wire (arrow) and traction wire (arrowhead), the stent
graft is delivered to optimal position.
Fig 2. Technique of triple-branched stent graft placement.
Sidearms of the branched stent graft are placed into mesenteric
(SMA) and renal arteries with 4F nylon catheters attached to each
tip of branched graft sections.
Fig 3. Placement of the branched stent graft. A, Three guidewires are inserted through 4F nylon catheters into aortic branches. 
B, Sidearms are introduced into aortic branches over guidewires. C, Each graft section is expanded and delivery system is removed.
Arrows show each tip of sidearms.
A B C
wire into the side hole of the catheter. The constricted
branched stent graft was encased in a cartridge until use.
Fig 2 shows the method used to place the branched
stent graft. With the patient under local anesthesia, a
femoral artery was surgically isolated and a transverse arte-
riotomy was performed. After initial aortography, a 24F
sheath was inserted through the arteriotomy site and
placed across the aneurysm. With the aid of the carrying
wire, the stent graft was introduced into the sheath and
released from it. A 0.032-in guidewire was inserted into
each nylon catheter attached to the sidearms. Three
guidewires were selectively advanced into the superior
mesenteric artery and renal arteries (Fig 3, A). Then, the
three sidearms were simultaneously steered into the
respective aortic branches over the guidewires by pulling
back the traction wire attached to the aortic graft section
(Fig 3, B). Aortography was performed as a means of con-
firming the position of each sidearm. Once the aortic graft
section and the sidearms were properly positioned, the
aortic graft section was deployed by removing the flexible
wire being used to constrict it. Subsequently, in the same
manner, each sidearm was expanded and detached from
the 4F nylon catheter one by one. The aortic graft section
and the sidearms were fully dilated by means of balloon
inflation. Finally, the delivery system was removed to com-
plete the first part of grafting (Fig 3, C).
After the branched stent placement, the Inoue bifur-
cated stent graft was placed at the bifurcated segment of
the aneurysm. Its proximal end was anchored into the main
body of the branched stent graft that had been placed ear-
lier. The technique of placing the bifurcated stent graft has
been described.7 With this procedure, endovascular repair
for pararenal aortic aneurysms was completed.
CASE REPORTS
Patient 1. A 66-year-old man was found to have a pulsatile
abdominal mass. A 70-mm suprarenal abdominal aortic aneurysm
was disclosed by means of computed tomography (Fig 4). The
diameter and distance between the celiac and superior mesenteric
artery were 24.5 mm and 5 mm, respectively. After we informed
the patient about the experimental procedure in detail, he volun-
teered to enter a clinical trial. Endovascular grafting for the
aneurysm was attempted in June 1998. A triple-branched stent
graft (total length, 90 mm; diameter of the aortic section, 26 mm;
length of the sidearms, 20 mm; diameter of the sidearms, 8 mm)
and a bifurcated stent graft were successively implanted via the
right femoral artery without major complications. On completion,
complete exclusion of the aneurysm with a normal blood flow
through both stent grafts was revealed by means of aortography.
The entire procedure time needed to implant the branched and
bifurcated stent grafts was 360 minutes. The volume of contrast
used was 350 mL. The duration of renal and mesenteric ischemia,
defined as the time from the main graft expansion to the complete
deployment of the sidearms, with restoration of normal blood flow,
was 15 minutes. The patient did not require a blood transfusion.
During the procedure, the patient complained of pain in his
right leg. Soon after the procedure, his serum creatine phospho-
kinase level rose mildly. It was believed to be related to leg
ischemia caused by the insertion of a large delivery sheath. A
postimplantation syndrome, with fever, leukocytosis, and elevated
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C-reactive protein levels also developed, without evidence of bac-
teremia or graft infection. He was able to take oral fluids within
24 hours and was mobile the day after the operation. Persistent
exclusion of the aneurysm and patency of the branched stent graft
were confirmed by means of computed tomography and angiog-
raphy 1 month after the procedure (Fig 5).
Patient 2. A 72-year-old man in whom an abdominal aor-
tic aneurysm was diagnosed was referred to us. A 66-mm juxtare-
nal aneurysm was revealed by means of computed tomography.
Fig 4. Multiplanar reformation of helical computed tomo-
graphic angiography demonstrating suprarenal abdominal aortic
aneurysm in a 66-year-old man. Both renal arteries are involved
in aneurysmal aorta.
an endotoxin. The patient’s renal insufficiency and paralytic ileus
gradually resolved in the perioperative period. The total time that the
patient spent in the intensive care unit was 8 days.
Three weeks after the branched stent graft placement, the
patient underwent a second endovascular grafting procedure with
a bifurcated stent graft. Complete exclusion of the aneurysm was
ultimately attained, although an additional straight graft place-
ment was subsequently required to seal the leakage from the junc-
tion of the two grafts.
Long-term follow-up. Both patients were observed for
24 months. There were no documented instances of late graft
thrombosis, migration, or infection. Exclusion of the aneurysm
with preservation of mesenteric and renal artery patency has been
demonstrated by means of computed tomographic examinations
at the most recent follow-up (Fig 6). In patient 1, a substantial
shrinkage of the aneurysm sac was observed during follow-up,
and at a follow-up examination 2 years after the procedure, a 1.5-
cm shrinkage in diameter was shown by means of computed
tomographic measurements. In patient 2, the diameter of the
aneurysm sac was virtually the same as it was before treatment.
DISCUSSION
Although endovascular repair of abdominal aortic
aneurysms is now commonly performed, conventional open
repair has still been entrusted for the management of juxtare-
nal aneurysms with no infrarenal aortic segment suitable for
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Conventional surgical repair was considered to be contraindicated
because of concomitant liver cirrhosis, symptomatic coronary
insufficiency, and severe left ventricular dysfunction. After the
successful dilatation of a severely calcified left common iliac artery
and small external iliac artery by means of percutaneous translu-
minal angioplasty to permit the insertion of the delivery sheath, a
triple-branched stent graft (total length, 87 mm; diameter of the
aortic section, 24 mm; length of the sidearms, 20 mm; diameter
of the sidearms, 8 mm) was implanted in July 1998. The proxi-
mal end of the main graft body was anchored above the superior
mesenteric artery, and the distal end was left floating free within
the aneurysm. No leak from either end of the stent graft, except
for its floating end, was revealed by means of completion aortog-
raphy, and the patency of the superior mesenteric artery and both
the renal arteries was confirmed. The total procedure time for
branched stent graft placement was 360 minutes, and the blood
loss was 300 mL. The volume of contrast used was 300 mL. The
duration of renal and mesenteric ischemia was 45 minutes.
After the first grafting was finished, the patient was transferred
to an intensive care unit. Persistent hypotension was observed dur-
ing the next postoperative day, and the patient temporarily went into
shock and required intravenous infusion of norepinephrine. Serum
creatinine concentrations rose from 1.5 mg/dL to 2.6 mg/dL. A
postoperative coagulopathy and a paralytic ileus also developed. The
small intestine was found by means of fluoroscopic observation to be
markedly compressed by the aneurysm. However, culture results
were negative for bacteria, and there was no identifiable formation of
Fig 5. Aortograms obtained 1 month after triple-branched stent graft placement (arrows) and subsequent bifurcated stent graft place-
ment (arrowheads) reveal absence of aneurysm filling with contrast medium and good flow through stent grafts. Mesenteric and renal
arteries are patent. A, Anteroposterior projection; B, lateral projection.
A B
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stent graft fixation or suprarenal aneurysms that involve the
origin of at least one renal artery. We envisage that the intro-
duction of branched stent grafts may open a way for endovas-
cular repair of such complex aortic aneurysms. Inoue
developed the branched stent graft used in this study, and its
clinical use for thoracic aortic aneurysms and aortic dissec-
tions has been reported.9-11 Our results demonstrate that
endovascular repair of pararenal aortic aneurysm is feasible
and effective, at least for short to intermediate terms.
Our main concern about this procedure is possible
ischemic injuries to the kidneys and visceral organs. We
experienced postoperative renal dysfunction in patient 2,
although the complication was gradually resolved within 2
weeks. Sidearm insertion into the renal artery temporarily
interrupts renal perfusion. After the insertion of only the
tip of the constricted sidearm into the renal artery over the
guidewire, the entire sidearm is inserted by the complete
expansion of the main graft body. Then the restoration of
renal flow is attained by means of the expansion of the
sidearm. In this case, considerable time was spent in man-
euvers to restore the flow through the renal arteries,
because the sidearms were not easily inserted to the opti-
mal position. Prolonged renal ischemia could have caused
the decline in renal function. As an alternative, atheroem-
bolization might have occurred as well. The pararenal seg-
ment of the aorta could frequently bear significant
atherosclerosis. Excessive catheter manipulation within the
aorta has an increased risk of renal and visceral emboliza-
tion. Whether distal embolization or mesenteric artery
interruption was responsible for the postoperative shock
that occurred in this same case remains unclear. Further
improvement of the device and the implantation tech-
nique will be needed to minimize these complications.
In our initial experience, there were no instances of
graft stenosis. The renal artery is approximately 7 to 8 mm
in diameter at the level of its origin from the aorta. In this
study, the diameter of sidearms into the renal arteries was
oversized by 1 mm to achieve an effective frictional sealing.
We consider the patency of small vessels such as the renal
arteries to be well maintained because the flexible stent
support in our device would allow radial expansion of stent
graft. Favorable results of the long-term patency of the
renal and mesenteric arteries have supported our idea.
The ultimate goal of endovascular aneurysm repair is
complete protection from the risk of aneurysm rupture.
Detailed preoperative assessments of aneurysm anatomy and
accurate measurements of aneurysms are key elements in
attaining this goal. We consider contrast-enhanced helical
computed tomography to be the most reliable imaging
modality for accurately determining the shape of the stent
graft and technical details. In addition, arteriography is highly
instrumental in studying the condition of the iliac arteries.
Endovascular repair of pararenal abdominal aortic
aneurysms with a branched stent graft is technically feasi-
ble, but formidable. Pararenal aortic aneurysm repair
requires an appropriately designed device and technical
maneuvers tailored to the individual patient’s need. Con-
sidering the wide variety of aneurysm anatomy, branched
stent grafting for these complex aneurysms is now a valu-
able option for patients who are deemed to be at high risk
for conventional aneurysm repair. Indeed, these results
underscore the anticipation that endovascular repair in the
near future will be made highly applicable not only to
infrarenal aortic aneurysms, but also to more complex
ones like pararenal aortic aneurysms.
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